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The Winogradsky Spontaneous Culture Method 
for Determining Certain Soil Deficiencies1 
By ARTHUR W. YOUNG' 
Various chemical and biological methods have been suggested 
for the determination of the fertilizer needs of soils but all 
have been found to be of limited practical value. The search 
for a suitable method continues, however, and recently Wino-
gradsky 3 suggested a biological method which, by more nearly 
duplicating the conditions existing in the field, would give more 
accurate results. He devised what has been called the spon-
taneous culture test. This depends upon the growth of Azoto-
bacter and possibly other aerobic, non-symbiotic, nitrogen-fix-
ing microorganisms on the surface of the soil, treated with a 
a carbohydrate, calcium carbonate, a phosphate and a potassium 
salt in varying amounts, separately and in combination and 
placed in plates. A greater development of colonies on a soil 
treated with calcium carbonate, phosphorus or potassium is as-
sumed' to indicate a need for the same constituent in the field. 
Some success has been reported4 by the use of this test for de-
termining the fertilizer needs of soils, and further studies on it 
seem desirable. 
EXPERIMENTAL 
The experiments reported in this bulletin involve a study of 
the spontaneous culture test as a measure of plant food defi-
ciencies on some of the more important soil types of Iowa and 
an attempt to modify the test so as to make it satisfactory for 
use in diagnosing soil needs. 
PART 1. SPONTANEOUS CUlJTURE TESTS ON SOILS TO 
DETERMINE PHOSPHORUS DEFICIENCIES 
THE SOILS STUDIED 
Thirteen soils were used; 10 Iowa soils, 2 Colorado soils and 
1 Utah soil. The major part of the experimental work was 
done on samples of Carrington loam from the Agronomy Farm 
of the Iowa Agricultural Experiment Station. Soil samples 
1 Part of a thesis submitted in partial fulfillment of the requirements for the degree 
doctor of philosophy at Iowa State College. Project No. 223 of the Iowa Agricultural 
Experiment Station. 
2 The author hereby expresses appreciation to Dr. P. E. Brown for guidance and 
suggestions in the work and in the preparation of the manuscript and to Dr. R. H. 
Walker and Dr. F. B. Smith for advice, interest and suggestions offered. 
3Ann. Inst. Pasteur, 39 :299-354) (1925); 40 :455-520 (1926); 42 :36-62 (1927); 
48 :89-134 (1932); also Compt. Rend. Acad. Sci. (Paris), 180 :711-716 (1925); 182 :999-
1001 (1926); 187 :161-165 (1928); and Compt. Rend. Acad. Agr. (France), 16 :580-586 
(1930). 
• Ziemiecka, J.-Proc. Internatl. Soc. Soil Sci., 4 :239 (1929). 
Guittoneau, G.-Compt. Rend. Acad. Agr. (France), 15:83 (1929). 
!tano, A., and Satiyo, A.-Ber. Ohara Inst. Landw. Forsch., 4 :365 (1930). 
Kryuchkova, A. P .. - Trans. Sci. Inst. Fert. (Moscow), 76 :14 (1930). 
Sackett, W. G., and Stewart, Laura C.-Colo. Agr. Exp, Sta., Bul. 375 (1931). 
White, J. W.-Penn. Agr. Exp. Sta., Tech. Bul. 273 (1932). 
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were also taken from 9 of the cooperative soil experiment fields 
located on different soil types in Iowa. Three samples were 
taken from each field, 1 from the untreated plot, 1 from the 
plot receiving manure, limestone and rock phosphate and 1 
from the plot receiving manure, limestone and superphosphate. 
The samples from Colorado were obtained from the Agricul-
tural Experiment Station at Rocky Ford, through the courtesy 
of Mr. Robert Gardner, and from the Agricultural Experiment 
Station at Fort Collins. The sample from Utah was secured 
through the courtesy of Dr. T. L. Martin, of Brigham Young 
University. This soil was probably taken from the Jordan 
series near Provo, Utah. 
The Iowa soils were sampled by taking small samples from 
12 points on each plot and mixing them to form a composite 
sample. Each sample was air-dried and sieved through a 20-mesh 
sieve. The pH of the soils used was determined by the quinhy-
drone electrode. 
The field treatments of the plots on the Agronomy Farm from 
which soils were taken are shown in table I. 
METHODS 
The following procedure was used in making up the spon-
taneous culture plates in this work. Three lOa-gram samples of 
TABLE 1. FIELD TREATMENTS OF CARRINGTON LOAM ON PLOTS ON THE 
AGRONOMY FARM, IOWA AGRICULTURAL EXPERIMENT STATION. 
Plot No. 
601 
602' 
603 
604 
603 
606 
701 
702 
703 
704 
705 
706 
908 
909 
910 
1000 
1001 
1002 
1003 
1004 
1005 
Treatment 
Manurel + limestone2 
Manure + limestone + ·500 lbs. rock phosphate" 
Manure + limestone + 1,000 lbs. rock phosphate 
Manure + limestone + 1,500 lbs. rock phosphate 
Manure + limestone + 2,000 lbs. rock phosphate 
Manure + limestone 
Green manure4 + limestone 
Green manure + limestone + 500 lbs. rock phosphate 
Green manure + limestone + 1,000 lbs. rock phosphate 
Green manure + limestone + 1,500 lbs. rock phosphate 
Green manure + limestone + 2,000 lbs. rock phosphate 
Green manure + limestone 
Manure + limestone 
Umestone 
Check - no treatment 
Check - no treatment 
Manure 
Manure + limestone 
Manure + limestone + rock phosphate 
Manure + limestone + superphosphate 
Check - no treatment 
1 Manure applied at the rate of 8 tons per acre once in 4 years. 
2 Limestone applied in sufficient amount to neutralize acidity. 
3 Rock phosphate applied once in 4 years. 
4. Green manure treatment con sisted of clover l'esidues. 
'Superphosphate applied at rate of 150 pounds per acre annually. 
Note: Series 601 to 606 and 701 to 706 received treatments of limestone and fertilizers 
in 1921, 1925 and 1929. Series 908 to 910 and 1,000 to 1,005 received treat-
ments in 1923, 1927 and 1931. 
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each soil were weighed out and treated as follows: (a) potato 
starch 5 percent, check, (b) potato starch 5 percent and 0.4 
percent calcium carbonate, (c) potato starch 5 percent, 0.4 per-
cent calcium carbonate and 0.6 percent of secondary sodium 
phosphate. In some cases a fourth plate was made, adding 
muriate of potash to the soil with the (c) treatment to deter-
mine the influence of potassium additions to the soil. After the 
materials were thoroughly mixed with the soil, sufficient dis-
tilled water was added to make a thick paste. The moistened 
soil was then packed into duplicate halves of small petri dishes 
and the surface smoothed by means of a moist spatula. The 
plates were placed in a moist chamber and incubated one week 
at 28 degrees Centigrade. Observations of the growth on the 
plates were made each day. 
Preliminary tests with the method showed that mannitol 
stimulated a more abundant and vigorous growth on Iowa soils 
than did starch. Hence in some of the tests 10 cc. of a 12.5 
percent mannitol solution and 5 cc. of a 12 percent di-sodium 
phosphate solution were added to each 100-gram sample of soil. 
TESTS ON AGRONOMY FARM SOILS 
Preliminary experiments on the Carrington loam from plots 
908 and 910 on the Agronomy Farm and on soils from the arid 
section (table II) show that it was possible to obtain the typical 
Azotobacter growth on the soil from plot 908 when starch, cal-
cium carbonate and di-sodium phosphate were added but there 
was no growth when the phosphate was omitted. On the soil 
from plot 910 no growth was obtained with any of the treat-
ments. Typical Azotobacter growth appeared on the soils from 
the arid section. With the Colorado soil, small slow-growing 
TABLE II. THE DEVELOPMENT OF SPONTANEOUS CULTURES ON SOIL PLATES 
OF SOILS FROM IOWA. UTAH AND COLORADO AFTER 
INCUBATION AT 28° C. 
(Iowa Boils sampled Oct. 1. 1930.) 
Soil pH 5% Starch 
or of 5% Starch 5% Starch 0.4% CaCO, 
plot soils 0.4% CaCO, 0 .6% Na.HPO. 
number 
908 7 .25 -- -- +48 hrs. 
910 5.89 -- -- -120 hrs. 
Webster 8.14 -- -- + 120 hrs. 
Colorado 8.40 + 72 hrs. + 72 hrs. ++++ 72 hrs. 
Utah 8.45 +++ 96 hrs. +++ 96 hrs. +++ 96 hrs. 
Observation of growth was at 120 hours unless otherwise noted in table. 
- designates no growth of spontaneous cultures. 
+ designates a scant but noticeable growth. 
5% Starch 
0.4% CaCO, 
0.6% Na.HPO. 
0.6 %KCl 
+ 48 hrs. 
-120 hrs. 
+ 120 hrs. 
++++ 72 hrs. 
+++ 96 hrs. 
+ + designates an average growth with colonies distinguishable. 
+ + + designates a heavy vigorous growth where it is difficult to distinguish individual 
colonies. 
+ + + + designates a very dense growth overgrowing the entire plates so that individual 
colonies are not distinguishable. 
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TABLE III. THE DEVELOPMENT OF SPONTANEOUS CULTURES ON PLATES 
OF SOILS FROM VARIOUS EXPERIMENTAL PLOTS. 
(Soils sampled April, 1931.) 
1 .25% Mannitol 
Plot 1.25% Mannitol 1.25% Mannitol 0.4~ CaCO, 
No. 0.4% CaCO, 0.6 0 NaoHPO. 
*908 --** --- ++ 96 hra. 
909 -- --- ++ 48 hra. 
910 -- --- --
1000 -- --- + 48 hra. 
1001 -- --- + 48 hra. 
1002 -- --- + 48 hrs. 
1003 -- --- + 48 hra. 
1004 -- --- + 48 hra. 
1005 -- --- + 48 hra. 
601 -- --- ++ 48 hro. 
602 -- --- ++ 48 hrs. 
603 -- --- ++ 48 hra. 
604 -- --- ++ 48 hra. 
605 -- --- ++ 48 hra. 
606 -- --- ++ 48 hrs. 
701 -- --- ++ 48 hrs. 
702 -- --- ++ 48 hrs. 
703 -- --- ++ 48 hrs. 
704 -- --- ++ 48 hrs. 
705 -- --- ++ 48 hrs. 
706 -- --_. ++ 48 hrs. 
Observation of growth is at 120 hours unless otherwise noted in table. 
*See table I for treatment of plots. 
**See table II for key to .igns used. 
pH of 
aoil 
7.50 
7.10 
6.00 
5.55 
5.55 
6.50 
6.50 
6.45 
5.75 
7.00 
6.75 
6.60 
6.59 
6.80 
6.60 
6.62 
6.65 
6.75 
6.68 
7.00 
7.05 
colonies were produced in 72 hours without phosphate but 
when phosphate was supplied, vigorous rapid-growing colonies 
developed. On the Utah soil numerous fairly vigorous colonies 
developed when starch or starch and calcium carbonate addI-
tions were made. Very little effect was noted from the addition 
of the phosphate, however. 
With the Webster soil, small, slow-growing colonies appeared 
after 120 hours on the samples receiving starch, calcium car-
bonate and phosphate. No growth appeared when phosphorus 
was omitted from the treatment. 
Additions of muriate of potash did not increase the develop-
ment of the spontaneous cultures from any of the soils used. 
Following these preliminary tests, studies were made on samples 
of soil from plots on the Agronomy Farm receiving various fer-
tilizer treatments. Mannitol was used in these tests instead of 
starch. 
In April, 1931, samples of soil were taken from plots 908 to 
910 and 1000 to 1005 and the spontaneous culture test made. 
Table III gives the results of these tests. The soil from plot 908 
supported a greater growth than was secured the previous fall. 
The sample from plots 908 and 909 both required the addition 
of phosphorus with the mannitol and calcium carbonate to 
bring about the spontaneous culture growth. The ·soil from plot 
6 
910 again failed to support a spontaneous culture growth with 
any of the treatments, undoubtedly due to the acid condition 
existing in the soil which showed a pH of less than 6.0. 
All the soils from the 1000 to 1005 series supported a spon-
taneous culture growth of about the same amount and vigor 
when mannitol, calcium carbonate and phosphorus were added. 
No growth appeared in any case without the phosphorus. Ap-
parently the field additions of manure, rock phosphate or super-
phosphate did not influence the development of the spontaneous 
cultures on the soils. 
In the latter part of April plots 601 to 606 and 701 to 706 
were sampled and the soils tested. These plots received amounts 
of rock phosphate varying from 500 to 2,000 pounds per acre 
every 4 years, with farm manure or green manure, but the 
test showed no differenc~ in the spontaneous culture growth on 
any of the soils. No growth occurred without a phosphate ad-
dition in the test. 
In October, 1931, the same 4 series of plots were again sam-
pled and the spontaneous culture test made. The results are 
shown in table IV. 
The reaction of the soils from all plots had not changed ma-
terially except that there was a slightly greater acidity. 
The soil from plots 908 and 909 showed a moderate growth 
with additions of mannitol or mannitol and calcium carbonate; 
but a greater and much more vigorous development occurred 
when the phosphate was added. The soil from plot 910 which 
showed no spontaneous culture growth at the two previous sam-
plings had a good colony growth when mannitol, calcium car-
bonate and phosphate were added. 
The 'crop yields on plots 908 to 910 for 10 years showed that 
the highest yields of corn were secured with the manure and 
limestone, and limestone alone had some effect. The spon-
taneous culture test showed some relationship and indicated 
that phosphorus was needed on these 3 plots. 
The samples from the untreated plot (1000) and from plot 
1002 treated with manure and limestone failed to produce a 
spontaneous culture growth with any of the treatments. The 
soils from plots 1001 and 1003 supported only a scanty spon-
taneous culture growth when mannitol, calcium carbonate and 
phosphate were added, while the soils from these plots gave a 
moderately vigorous growth on the samples taken in April. The 
soil from plots 1004 and 1005 supported the same amount of 
growth as was shown in April. The development was somewhat 
slower, however, than in the former tests. A second test was 
made on the soils from plots 1000 and 1002 and again no growth 
occurred. 
In general, the crop yields on this series of plots show in-
TABLE IV. THE DEVELOPMENT OF SPONTANEOUS CULTURES ON PLATES 
OF SOILS FROM VARIOUS EXPERIMENTAL PLOTS. 
(Soil. sampled October, 1931.) 
Plot 1.25% Mannitol 1.25% Mannitol 
No. 1.25% Mannitol 0.6% CaCO, 0.4% CaCO, 
0.6% Na,HPO, 
*908 +** ++ +++ 96 hr •. 
909 + + ++++ 96 hrs. 
910 - - +++ 96 hr •. 
1000 - - -
1001 - - + 
1002 - - -
1003 - - + 96 hrs. 
1004 - - ++ 
100.; - - ++ 
601 - - + 
602 - - ++ 
603 - - + 
604 - - + 48 hrs. 
605 - - + 48 hr •. 
606 - - + 96 hrs. 
701 - - + 72 hrs. 
702 - - + 
703 - - + 72 hr •. 
704 - - + 72 hr •. 
705 - - + 72 hr •. 
706 - - +++ 
Appearance of growth is at 120 hours unless otherwise noted in table. 
oSee table I for treatment of plot •. 
·*See table II for key to .igns used. 
pH of 
soil 
7.45 
7 .09 
6 .00 
5. 55 
5.60 
6.44 
6.50 
6.41 
5.70 
6.93 
6.70 
6.68 
6.48 
6.53 
6.75 
6.50 
6.59 
6. 63 
6.69 
6.61 
7. 03 
creases every year from the fertilizer treatments; the soils 
treated with manure, limestone and the phosphates gave the 
largest yields. The spontaneous culture tests indicate that all 
the plots in this series require phosphorus additions. 
In series 601 to 606 all the soils showed less development of 
the spontaneous culture growth than was supported on the sam-
ples taken from these plots in April, except in the case of the 
soil from plot 602. 
On plots 701 to 706 all samples except the one from plot 703 
showed less spontaneous culture development than was sup-
ported by the samples taken in April, and a longer time was 
required for the appearance of the colonies. The sample taken 
from plot 703 supported a very good spontaneous culture 
growth which developed after an incubation period of 120 
hours, or 72 hours longer than was required in the previous test. 
Crop yields on the plots in the 601 to 606 and 701 to 706 
series have shown the greatest increase due to the first 500 
pounds of rock phosphate added to the soil. The spontaneous 
culture tests indicate that the soil in these plots needs more 
phosphorus than the amount already present. Hence, in this 
case, the spontaneous culture test does not measure the phos-
phorus needs of the soil. 
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TESTS ON COOPERATIVE FIELD EXPERIMENT SOILS 
Samples of soil were taken from some of the plots on the out-
lying soil experiment fields in the state and subjected to the 
spontaneous culture test. The data secured in these tests are 
shown in table V with the crop yields, fertilizer treatments and 
soil reaction. 
On the samples taken from the O'Neill loam on the Everly 
field, no spontaneous culture growth appeared when phosphorus 
was omitted from the treatment; and with the soil from the plot 
treated with manure, limestone and rock phosphate. there was 
no growth even when phosphorus was added. The crop yields 
indicated beneficial effects from applications of phosphorus to 
this soil and the test shows a further need of available phos-
phorus. 
On the samples of the Marshall silt loam from ·the Cherokee 
field, the spontaneous cultures developed only on the soil from 
the untreated plot when additions of mannitol, calcium car-
bonate and phosphate were made. Crop yields were increased 
by additions of phosphate fertilizers to this soil in the field, but 
the spontaneous Gulture test failed to show any evidence of ef-
feet from the phosphorus additions made in the field, a defi-
ciency still being evidenced. 
The Grundy silt loam from the Mt. Pleasant field did not sup-
port i1 spontaneous culture growth with the complete treatment 
in the test on any of the samples. This lack of growth was 
probably due to the initial reaction of the soil which was 5.46 
pH for the untreated soil. 
The Tama silt loam from the Hudson field did not support a 
spontaneous culture growth when phosphorus was omitted from 
the treatment. When phosphate additions were made, however, 
a very good spontaneous culture growth developed on the soils 
from the 2 treated plots. The soil from the untreated plot sup-
ported no growth. Phosphate additions in the field increased 
the crop yields but did not influence the spontaneous culture 
growth in the test, which indicates that phosphorus is still lack-
ing in this soil. 
With the Carrington silt loam from the Osage field the un-
treated soil did not support a spontaneous culture growth with 
any of the treatments. This was expected since the pH of the 
soil was 5.22. On the plots which had received field treatments 
. of phosphates, a scanty spontaneous culture growth developed 
without phosphate addition in the test but a vigorous spon-
taneous culture growth occurred with additions of phosphate, 
indicating that further additions of phosphorus fertilizers 
would be beneficial to crop growth on this soil. . 
The Carrington loam from the Waverly field fail ed to sup-
port a spontaneous c1.1lture growth when phosphorus additions 
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TABLE V. RELATION OF SPONTANEOUS CULTURE DEVELOPME NT TO SOIL 
TREA TMENT AND CROP YIELD ON SOILS FROM 
OUTLYING EXPERIMENTAL FIELDS. 
Crop yields 
----- - - -- ---- Spontaneous culture growth 
Field pH Hay Oats Corn 
treatment of - - --
soil 
-:-1-
-, Manni tol and Mannitol, cal-No No. Mannitol calcium cium carbon-cr<lp3 Tons cropieus . crops BUB only carbonate ate and phos-phate 
-
Clay County- Everly field, Series I, O'Neill loam 
-~-K+-L-+-R-P-*- lu~\~ln~I~I!ull~l!ul -*** 1---- + 
_M_+_L_+_S_P_*_*_ 6 .54 _3_ 1. 58 _3_ 55 .8 _7_ 46 .11 _+ ___ _ 
Cherokee County- Cherokee field, Marshall silt loam 
+ M+L+RP 6 .67 2 2 .08 2 81.9 5 54.4 CK 1 5 . 85 1- 1~1- 170.9 1- 147.5 1 I- I 
_M_+_L_+_S_P __ 1665 _2_ ~ _2_ 84 .1_5_ 55.7 ____ _ 
Henry County-Mt. Pleasant field, Series 100, Grundy silt loaIIl 
-CK 1 5.46 1-312 . 22 1-4146 . 9 1-81~1 \ 1-M+L+RP 6 .07 3 3 .12 4 57 .7 8 63 .2 
_M_+_L_+_S_P_ 5 .88 _3 3 .66 _4 70 .21_8 ~ _________ ____ _ 
Black Hawk County- Hudson field , Tama silt loam 
CK 1 5.481-31~1-4147 . 01-61 50 . 0 1 1-~:j:t:j:W Ug ~ U~ i ~U~ ~n _________ _ +++ +++ 
Mi tchell County- Osage field, Carrington silt loam 
~I-~-L-+-R-p-IUil~lu~I~I~g : ~I~I~ull + 1----
M+L+SP 7. 351_3_1.87 _3_76.9 _8_ 57.8 + 
+ ++++ 
+ ++++ 
Bremer County-Waverly field No. 2, Carrington loam 
-CK' 1 5. 56 1-2IO . 88 1-21:;:-;: 1-41~1 1-M+L+RP 7 .04 2 1.82 2 64 .9 4 54.4 
_M_+_L_+_S_P __ 17 .04 _2_ ~ _2_ 66 .8 _4_ 55 .2 _________ _ 
+ 
+++ 
+++ 
Lee County- West Point field, No. 2, Marion silt loam 
-CK 16. 211-311.331-5136.71-5136 .91 1-M+L+RP 7 .78 3 2 .28 5 48 .9 5 50 .7 
M+L+SP 8 .04 3 2 .74 5 54 .9 5 51.0 
---------------
++++ 
++++ 
Scott County-Princeton field, Clinton silt loam 
+++ 
+ 
-CK 15. 61 1-311.091-3144 .41-5159.51 M+L+RP 6 .59 3 2 .10 3 55 .4 5 77.3 
M+L+SP 6 .50 3 2 .19 3 59 .8 5 74 .8 
---------------
Muscatine County- Letts field, Muscatine silt loam 
M+L+RP 6 .83 2 2 .28 2 69.0 5 78 .2 + 
M+L+SP 6 .47 2 2 .25 2 73 .2 5 81.2 
-CK' 15 .241-211.501-2153.91-5165. 21 -
--c::-:--:-:-- ----- - ,----
*M =Manure 
**L =Limestone 
RP -Rock pho.phate 
SP = Superphosphate 
**"See table II for key to signs cu;ed. 
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were omitted. When phosphorus was added, however, there 
was a scanty growth on the soil from the untreated plot and a 
vigorous growth on the soil from the treated plots. Additions 
of phosphorus fertilizers in the field greatly increased the crop 
yields but the spontaneous culture test shows that a deficiency 
still exists. 
The Marion silt loam from the West Point field did not sup-
port a spontaneous culture growth when phosphorus was omit-
ted from the test treatments. Additions of phosphorus, however, 
stimulated a vigorous spontaneous culture growth on the soil 
from the untreated plot. Additions of phosphorus fertilizers in 
the field increased crop yields but the test shows a lack of phos-
phorus. 
The Clinton silt loam from the Princeton field did not sup-
port a spontaneous culture growth when phosphorus was omit-
ted in the test. With phosphorus additions, however, a vigor-
ous spontaneous culture growth appeared on the soil from the 
plot receiving rock phosphate. Only a scanty growth occurred 
on the soil from the plot receiving superphosphate. No growth 
appeartld on the soil from the untreated plot. Crop yields on 
this soil show that phosphorus fertilizers have given large in-
creases in the yields. The test indicated that further additions 
of phosphate are needed. 
The Muscatine silt loam from the Letts field supported a 
spontaneous culture growth only with additions of mannitol, 
calcium carbonate and phosphate on the soil from the plot re-
ceiving rock phosphate. Crop yields have been increased by 
the phosphorus addition to this soil, and, as before. the spon-
taneous culture test indicated the need for further applications 
of phosphorus fertilizers to this soil. 
In practically all cases. in the tests in which there was no 
spontaneous culture growth, the r eaction of the soil was too 
acid or had previously been too acid for the development of the 
aerobic non-symbiotic nitrogen-fixing organisms of the soil. 
In 15 of the wil samples the pH was 6.0 or below or had been 
6.0 or below before limestone additions were made in the field 
to neutralize the acidity, and this pH has been found to be the 
lower limit for the growth of these organisms. In those soils 
where the acidity had been neutralized snfficiently for the ex-
istence of the aerobic non-symbiotic nitrogen-fixing organisms 
and which did not support aspontaneous culture growth when 
treated vvith mannitol, calcium carbonate and phosphate in the 
test, it is quite possible that these organisms have not been es-
tablished in the soil since the reaction reached a favorable point. 
Hence, it is evident that the spontaneous culture test has little 
value on these soils as a test for available phosphorus. 
The inconsistency of the spontaneous culture growth appear-
11 
ance on samples of soil taken from the same plot at different 
times is worthy of notice. In samples of soil taken from plot 
910 on the Carrington loam, no spontaneous culture growth de-
veloped on the soil in the tests made on samples taken in Octo-
ber, 1930, and April, 1931, but on the samples taken in October, 
1931, a very vigorous spontaneous culture growth developed 
when mannitol, calcium carbonate and phosphate were added. 
Other inconsistencies may also be noted. 
In general, the spontaneous culture test showed no correla-
tion with the crop yields on the plots. All the tests indicated 
the need of additions of phosphorus fertilizers to the soils of 
the plots receiving treatments of phosphorus fert ilizers far in 
excess of the amount shown to be profitable. 
PART II. MODIFICATIONS OF THE SPONTANEOUS CULTURE 
METHOD 
CRA~GJNG 'rRE ENERGY l\IATERHL 
In the preliminary experiments, it was found that some soils 
failed to support a vigorous spontaneous culture growth when 
starch was used, and it seemed that some other energy source 
might be preferable. Hence, a series of soil plates using vary-
ing amounts of mannitol and glucose were prepared for spon-
taneous culture tests. 
Table VI lists the results obtained in the tests on soil from 
plot 908. Small slow-growing colonies appeared on the surface 
of the soil plate after incubation for 96 hours at 28 degrees Cen-
tigrade, when 5 percent starch, calcium carbonate and phos-
phate was used. When 5 percent mannitol or 5 percent glucose 
was substituted for the starch, a very dense vigorous spon-
taneous culture growth appeared, which completely covered 
the surface of the soil plate and obscured the individual <:01-
TABLE VI. THE DEVELOPMENT OF SPONTANEOUS CULTURES ON SOIL FROM 
PLOT 908 AS INFLUENCED BY THE KIND AND AMOUNT 
OF ENERGY MATERIAL ADDED. 
(Soil sampled October, 1930.) 
Carbohydrate Carbohydrate Carbyhodrate + Carbohydrate + cal-
treatment only calcium carbonate cium carbonate 
+ phosphate 
5% starch -* - + 96 hrs. 
5% mannitol - - ++++ 48 hrs. 
5% glucose - - ++++ 48 hrs. 
2.5% mannitol - - ++++ 48 hrs. 
2.5% glucose - - ++++ 48 hrs. 
1 .25% mannitol - - ++++ 48 hrs. 
1.25% glucose - - +++ 48 hrs. 
0.625% mannitol - - ++ 48 hrs. 
0.312% mannitol - - + 48 hrs. 
*See table II for key to signs used. 
onies. Additions of 2.5 percent or 1.25 percent of mannitol or 
glucose gave about the same results as the 5 percent treat-
ments. Figure 1 shows the effect of additions of 1.25 percent 
mannitol on the spontaneous culture growth on soil from plot 
908 compared with the growth resulting from additions of 5 
percent starch. Glucose was not selected for use in the later 
tests as it produced a less distinct colony growth. 
INOCULATION OF THE SOIL 
The effect of inoculation of soils with pure and mixed cul-
tures of organisms on the development and appearance of the 
spontaneous culture growth was studied, using the same pro· 
cedure followed in the previous experiments. The Iowa soils 
used were taken from plots 908 and 910 at the Agronomy Farm 
in October, 1930. The Utah and Colorado soils were obtained 
from those states in the fall of 1930. 
INOCULATION WITH ARID SOILS 
Table VII gives the results obtained by mlxmg different 
amounts of Colorado and Utah soils, which supported vigorous 
spontaneous culture growth, with the Iowa soil from plot 910, 
which failed to support any growth. Typical Azotobacter 
growth developed with the arid soils. N either the 1 to 1 nor 
3 to 1 mixtures of the Carrington loam and with the Colorado 
and Utah soil changed the character of the growth common to 
those soils, but the growth was slower than in the arid soils 
alone. 
These results indicate that the arid soils either supplied an 
TABLE VII. SPONTANEOUS CULTURES AS INFLUENCED BY MIXING VARYING 
PROPORTIONS OF CARRINGTON LOAM SOIL WITH 
UTAH AND COLORADO SOILS. 
(Iowa soil sampled October, 1930.) Incubation at 28° C. 
Soils and 
amounts of 1.25% Mannitol 
each used only 
Carrington Boil alone -* 
Utah soil alone ++ 96 hrs. 
Colorado soil alone + 72 hrs. 
~ Carrington + 96 hrs. 
~ Utah 
~ Carrington 
+ 72 hrs ~ Colorado 
~ Carrington 
+ 96 hrs. ~ Utah 
~ Carrington 
~ Colorado ± 
*See table II for key to signs used. 
± Questionable growth . 
1.25% Mannitol 
1 .25% Mannitol 
0 .4% CaCO. 
0.4% CaCO. 
0 .6% Na,HPO. 
- - 96 hra. 
++ 96 hrs. +++ 96 hrs. 
+ 72 hrs. ++++ 72 hrs. 
+ 96 hrs. +++ 96 hrs. 
+ 72 hrs. ++++ 96 hr •. 
+ 96 hrs. +++ 96 hrs. 
± ++++ 72 hrs. 
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TABLE VIII. SPONTANEOUS CULTURES AS INFLUENCED BY INOCULATING 
WITH A PURE CULTURE OF AZ. CHROOCOCCUM AND MIXED CUL-
TURES OF ORGANISMS FROM COLORADO AND UTAH SOILS 
(Soil sampled October, 1930.) Incubation 120 hours at 28° C. 
Soil Inoculation used 5 .0% Starch 
5 .0% Starch 
0 .4% CaCO, 
5.0% Starch 
0.4% CaCO, 
0.6% NaoHPO, 
Plot 910 No inoculation - - - 120 hrs. 
Plot 908 No inoculation - - ++ 48 hrs. 
Webster No inoculation - - + 120 hrs. 
Plot 910 Azotobacter 
chroococcum* .. - - -
Plot 908 Azotobacter 
chroococcum - - -
Webster Azotobacter 
chroococcum - - -
Plot 910 Organisms from 
Colorado soil 
plates** - - -
Plot 908 Organisms from 
Colorado soil 
plates - - -
Webster Organi8IDs from 
Colorado soil 
plates - - -
Plot 910 Organisms from 
Utah soil 
plates** - - -
Plot 908 Organisms from 
Utah soil 
plates - - -
Webster Organisms from 
Utah soil 
plates - - -
(Note: - designates no spontaneous culture growth.) 
*The suspension of Azotobacter chroococcum was made by placing 10 cc. of sterile distlled 
water on a 48-hour slant growth of the organisms and breaking up the growth with a sterile 
inoculating needle. 
**The suspensions of organisms from the Colorado and Utah soil plates were made by trans-
ferring a considerable quantity of the gelatinous mass appearing as spontaneous cultures on 
the respective plates of soil from the two states to 10 cc. sterile water in a test tube and shaking 
to make a suspension. 
essential nutrient for the bacterial growth or a bacterial flora 
capable of producing a spontaneous culture growth on the sur-
face of the soil plates of the Carrington loam under the condi-
tions of these experiments, or perhaps both. 
INOCULATION WITH PURE AND MDCED GUU.rURES OF BACTERIA 
Table VIII gives the data for the experiment carried out to 
determine the influence of inOCUlating the soil with a pure cul-
ture of A zotobactM' chroococcton and mixed cultures of organ-
isms from the Colorado and Utah soils. One cc. of the suspen-
sion of organisms was transferred to each sample of soil. One 
cc. of each suspension was also transferred to an agar plate 
as a check on the viability of the organisms and an abundant 
growth of organisms developed in every case. 
The soils used as a basis for this experiment were taken from 
plot 908, which supported a good spontaneous culture growth 
with additions of starch, calcium carbonate and phosphate; 
from plot 910, which did not support a spontaneous culture 
growth with any treatment; and from the vVebster loam which 
Fig. 1. Actual size of photographs of p lates of soil taken from Plot 938 on the Carrington loam in April, 1n3I, showing the spontaneous 
culture growth secured with the addition of 5 percent starch (left picture) with 0.4 percent calcium carbonate and 0.6 percent secondary sodium 
phosphate and with 1.25 percent mannitol (right pictUl'e) substituted for the stal·ch. Incubation at 28 degrees C. for 96 hours. 
...... 
~ 
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supported a very scanty growth with additions of starch, cal-
cium carbonate and phosphate. As shown in table VIII, no 
spontaneous culture growth appeared on any of the soil plates 
with any of the treatmepts. The inoculation of the soil from 
plot 908 with the suspensions of organisms inhibited the growth 
of the normal flora of the soil which produced a good spon-
taneous culture growth. The same is true with the W ebster 
loam. This inhibition of the development of spontaneous cul-
tures by inoculation of the soils on which normal spontaneous 
culture growth appeared is explained below. 
TABLE IX. SPONTANEOUS CULTUR:f;;S ON SOIL FROM PLOT 908, INOCULATED 
WITH SLANT OR SOLUTION CULTURES OF AZOTOBACTER. 
Starch 5% 
.. 5% 
5% 
5% 
5% 
5% 
5% 
Glucose 5% 
.. 5% 
5% 
5% 
5% 
5% 
5% 
(Soil sampled October, 1930.) 
Treatment 
No inoculation. . . . . . . . 
Inoculation with slant culture of Az. chroococcum . 
" .. solution culture of Az. chroococcum . 
" slant culture of Az. beijerinckii 
.. solution culture of Az. beiierinckii 
" slant culture of Az. vinelandii 
" solution culture of Az. vinelandii 
No inoculation. . . . . . . . 
Inoculation with slant cultures of Az. chroococcum 
" " solution cultures of Az. chroococcum 
" slant cultures of Az. beijerfnrckii . 
" solution cultures of Az. beUmnckii . 
" slant cultures of Az. vinelandii 
" solution cultures of Az. vinelandii 
Mannitol 5% No inoculation. . . . . . . . 
" 5% Inoculation \-"ith slant culture of Az. chroococcum . 
5% " JI solution culture of Az. chroococcum . 
5% .. slant culture of Az. beijerinckii 
5% .. solution culture of Az. beijerinckii 
5% " slant culture of Az. vinelandii . 
5% " solution culture of Az. vinelandii 
*See table II for key to signs used. 
Spontaneous culture 
growth appearance 
++ 72 hours* 
- 120 hours 
- 120 hours 
120 hours 
120 hours 
- 120 hours 
- 120 hours 
++++ 120 hours 
++++ 72 hours 
++++ 72 hours 
+ 72 hour. 
+ 72 hours 
+ 96 hours 
+ 96 hours 
++++ 72 hours 
++++ 7Z hours 
++++ 72 hours 
++ 72 hours 
++ 72 hours 
++ 96 hours 
++ 96 hours 
Table IX gives the results obtained on a similar test made on 
the soil from plot 908 using slant and solution cultures of A zoto-
bade?" Ch1·0ocOCctmt, A zotobacter vinelandii, and A.zotobacter 
beije1"inckii. The slant cultures were grown on a yeast-mannitol 
agar slant, and the solution cultures in a yeast-mannitol liquid 
medium. No spontaneous culture growth appeared when starch 
was added to the soil except when the inoculation was omitted. 
When glucose was added to the soil the inoculation with A.zoto-
bacter Ch1·oococcnm produced a greater growth than appeared 
on the plates inoculated with either A zotobacte1· vinelandii or 
Azotobacte?" beije1·inckii. When inoculation was omitted addi-
tions of glucose stimulated a very abundant growth. When man-
nitol was used there was a more uniform growth of the spon-
taneous cultures with all inoculations. The plates inoculated 
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with Azotobacter chroococcWln, however, showed the greatest de-
velopment of culture growth. 
In general, very little difference in the spontaneous culture 
growth appeared with the use of the uspensions from the slant 
or solution cultures of the Azotobacter. 
With additions of either mannitol or glucose the growth ap-
pearing on the soil inoculated with the Azotobacte?' vinelandii 
appeared 24 hours later than with either of the other species of 
Azotobacter. 
This experiment indicates that inoculation of the soil with 
organisms belonging to the group of aerobic non-symbiotic 
nitrogen-fixers mayor may not inhibit the spontaneous culture 
development arising from the normal flora of the soil, depend-
ing upon the energy source supplied. Additions of glucose or 
mannitol apparently permitted a spontaneous culture develop-
ment on the inoculated soil plates which did not occur when 
starch was used. 
SIZE OF I~OCULUM 
The following experiment was carried out to determine 
whether or not too large amounts of inoculum had been added 
to the soils in the previous tests. Table X shows the effects of 
the size of the inoculum with different amounts of mannitol 
upon the amount and time of appearance of spontaneous culture 
growth on samples of oil from plot 908 compared with the 
growth using starch and the same amounts of inoculum. The 
usual calcium carbonate and phosphate treatments were made 
to each sample of soil. 
The data in the table show that smaller amounts than 1 cc. of 
the original suspension of Azotobacter chroococcum did not in-
hibit the development of the spontaneous cultures when starch 
was used. 
With the larger amounts of mannitol the amount of growth 
TABLE X. SPONTANEOUS CULTURES ON SOIL FROM PLOT 908 AS 
INFLUENCED BY SIZE OF INOCULUM. 
All observations made at 48 hours unless otherwise stated. (Soil sampled October, 1931.) 
Amount of 
energy 
source 
2.5% mannitol 
1 .25% .. 
0 .625% .. 
0.312% .. 
5.0% starch 
No. 
inoculation 
++** ++ 
++ 
+ + (96 hrs.) 
Amount of inoculum* added 
1 cc. 
original 
suspension 
++++ 
++++ 
++ 
+ 
- (120 hrs.) 
0.1 cc. 
original 
Buspension 
++++ 
+++ 
++ 
+ 
+ 
0.01 cc. 
original 
suspension 
++++ 
+++ 
++ 
+ + (96 hrs.) 
0.001 co. 
original 
suspension 
+ (96 hr •. 
+++ (72 hr •. ) 
++ (72 hr •. ) 
+ (72 hr •. ) 
+ (96 hr.) 
*Inoculum made from a 10 co. suspension of a 48-hour slant culture of a pure culture of Azo-
tobacter chroococcum. 
"'*See table II for key to sign. used. 
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decreased with additions of the dilutions greater than 1 to 100 of 
the original suspension. Also the "time of development was 24 to 
48 hours longer than was required when the larger amounts of 
inoculum were used. 
These data indicate that too large an inoculum was responsible 
for the lack of spontaJ;leous culture growth shown in tables VIII 
and IX when starch was used. It is also evident from these re-
sults that the energy source is very important for the develop-
ment of the typical Azotobacter growth on the spontaneous cul-
ture plates as a much more vigorous and rapid-growing culture 
appeared when mannitol was used than was produced by the ad-
dition of starch. 
PART III. PHOSPHORUS RELATIONSHIPS AND THE 
SPONTANEOUS CULTURE DEVELOPMENT 
In the previous tests there appeared to be little correlation 
between the availability of the phosphorus in the soils for crop 
growth in the field and the availability of the phosphorus for 
the organisms developing in the spontaneous culture tests. Ex-
periments were conducted, therefore, to study this relationship. 
The available phosphorus of the soil was determined by the 
Truog 0.002 N sulfuric acid soluble methodS and also by the 
Aspe?'gilltts niger method suggested by Niklas, Poschenrieder and 
Trischler . ~ 
The reaction of the soil was determined by use of the quinhy-
drone electrode. 
The spontaneous culture tests were made by the same pro-
cedure outlined previously, using mannitol. 
COMPARISON WITH OTHER METHODS FOR DETERMINING AVAILABLE 
PHOSPHORUS CONTENT OF SOILS 
Table XI shows the relationship between the spontaneous 
culture test as a means of determining the phosphorus deficien-
cies of the soils of plots 908 to 910, 601 to 606, 701 to 706, 1000 
to 1005, the Utah soil and two soils from Colorado, together 
with the reaction, phosphorus content and fertilizer treatments 
of these soils. 
In the tests by the Truog method the soil from plot 908 was 
higher in soluble phosphate than that from plots 909 and 910. 
Similar differences were shown in the amounts of soluble phos-
phorus in these soils with the Aspe?'gillltS nige1' test. '1'he spon-
taneous culture development was affected by the reaction. No 
growth appeared on the untreated soil which had a pH of 6.0, 
while good development occurred on -the soils which received 
·Jour. Arner. soc. Agron., 22 :874 (1930). 
6 Ernahr. Pflanze., 26 :339 (1930). 
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TABLE XI. RELATION BETWEEN THE SPONTANEOUS CULTURE DEVELOP-
MENT AND THE pH, PHOSPHORUS CONTENT 
AND FERTILIZER TREATMENTS. 
(Colorado soils were obtained in Fall, 1931; Utah soil in Fall, 1930. 
Iowa soils sampled October, 1931.) 
(Truog) 
Plot Fertilizer soluble P 
No. treatments in lbs. 
in fields per acre 
---
908 M+L 55.4 
909 M 26.9 
910 No treatment 28.4 
601 M 43.2 
602 M+RRP 500# 117 .2 
603 M+RRP 1000# 181 .6 
604 M+RRP 1500# 237.2 
605 M+RRP 2000# 416.0 
606 M 64 .0 
701 GM 45.8 
702 GM+RRP 500# 98.0 
703 GM+RRP 1000# 153.6 
704 GM +RRP 1500# 198.0 
705 GM +RRP 2000# 296 .8 
706 GM 37.8 
1000 No treatment 15.4 
1001 M 22.6 
1002 M+L 31.7 
1003 M+L+RRP 29.8 
1004 M+L+SP 46.8 
1005 No treatment 16 .8 
F. C. -- 17 .2 
R. F. -- 47.3 
Utah 419.6 
Observations made at 120 hours. 
F. C . -Fort Collins, Colo. 
R. F. -Rocky Ford, Colo. 
Grams 
wt. of A. 
nif}er 
growth 
per7gms. 
so1\ 
---
0.330 
0.300 
0.303 
0.312 
0 .393 
0.480 
0 .560 
0 .873 
0 .308 
0.300 
0.388 
0.478 
0.545 
0.807 
0 .233 
0 .595 
0.238 
0.298 
0.628 
0.298 
0.218 
0 .415 
0.825 
0.913 
*See table II for key to signs used. 
Spontaneous culture growth 
pH 
of 1.25% 1.25% Mannitol 
soil 1.25% Mannitol + 0.4% CaCO, 
Mannitol 0.4%CaCO, 0.6% Na,HPO. 
-
7.25 +* ++ +++ 
7.09 + + +++ 
6.00 - - +++ 6.93 - - + 
6.70 - - ++ 
6.68 - - + 
6.48 - - + 
6.53 - - + 
6.75 - - + 
6.50 - - + 
6 .59 - - + 
6.63 - - + 
6.69 - - + 
6.61 - - + 
7.03 - - +++ 
5.5':> - - -
6.60 - - + 
6.44 - - -
6.50 - - + 
6.41 - - ++ 
5.70 - - ++ 
8.20 + + ++++ 
8.35 +++ +++ ++++ 
8.45 +++ +++ ++++ 
applications 0 limestone. As usual, more growth occurred 
when phosphorus was added in the spontaneous culture test. 
In the soils from the plots 601 to 606 and 701 to 706 the solu-
ble phosphorus shown by the Truog method increased with the in-
creasing amounts of' rock phosphate added. The soils from plots 
601 to 606 which received farm manure had a much higher content 
of soluble phosphorus than those which received green manure. 
The Aspe.Tgilllls niger test, however, showed that there was ap-
proximately the same amount of available phosphorus from the 
two series of plots when corresponding amounts of rock phos-
phate were added. In general, the Aspergillus nigM' growth in-
creased with the increases in phosphate additions in both series 
of plots. 
The differences i.n reaction between the soils in the plots of 
these two series were small and apparently had no effect on the 
spontaneous culture development. The growth was scanty on 
the soil plates of the soils in both series except on 2 soils which 
supported a more vigorous spontaneous culture development. 
The 0.002 N sulfuric acid soluble phosphorus content of the 
soils from plots 1000 to 1005 increased with the fertilizer applica-
tions in the field except for the soil on the plot receiving manure, 
Hl 
limestone and rock phosphate. The correlation between the solu-
ble phosphorus content and the available phosphorus shown by 
the Aspergilltls nigC1' growth was not as close with these soils as 
with the others. 
No spontaneous culture growth appeared on the soil plates 
from this series when phosphorus was omitted from the treat-
ment, and no growth appeared on the soil plates from plots 
] 000 and 1002 with any treatment in this test. As was true with 
the other series of plots, the spontaneous culture test showed 
no relationship to the available phosphorus according to this 
experiment. 
No definite correlation was noted betwecn the soluble phos-
phorus content, the availability of the phosphorus and the spon-
taneous culture growth in thc case of the Iowa soils. ,Vith the 
Utah and the Rocky Ford soils, the high availability of the 
phosphorus influenced the development of the spontaneous cul-
ture growth, but the high availability of the phosphorus in the 
soils of plots 605 and 705 did not influence the spontaneous cul-
ture growth on these soils. 
In general, it appears that a soil having a high soluble phos-
phorus content as determined by the Truog test will also support 
a relatively large flspergilltls niger growth. The fact that the 
phosphorus of the arid soil is available to both the AspC10gilltls 
nigC1' growth and the spontaneous culture development is of in-
terest since the phosphorus of the Iowa soils appeared to be avail-
able for the AspC10gilltls nigC1' growth but did not stimulate the 
growth of the spontaneous cultures. 
INFLV"ENCE OF SOURCE OF PHOSPHATE 
The test reported in table XII was made to study the effect 
TABLE XII. INFLUENCE OF PHOSPHORUS SOURCE AND NITROGEN ON THE 
DEVELOPMENT OF THE SPONTANEOUS CULTURES FROM PLOT 705. 
Treatment 
1.25% mannitol 
0.4% calc:um carbonate 
1.25% mannitol 
0.40/0 calcium carbonate 
0.6 % Na,HPO, 
1.25% mannitol 
0.40/0 calcium carbonate 
0.6% raw rock phosphate 
1.250/0 mannitol 
0.40/0 calcium carbonate 
0.6 % superphosphate 
1.25% mannitol 
0.40/0 calcium carbonate 
0.6% NaoHPO, 
0.625%NH,NOa 
(Soils sampled October, 1931.) 
Observation 
::--Jo g rowth in 120 houl's incubation. 
A heavy, vigorous growth of difficultly dis tinguishable 
colon ies appeared after 72 hours incubation. 
No growth appeared in 120 hours incubation . 
A very scanty growth of three or fcur small colon ies 
appeared after 72 hours incubation. No increase at 
120 hours. 
A thick white mold growth over entire surface of the 
plate in 48 h ours. No bacterial growth evident at 120 
hours. 
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of different phosphorus sources on the appearance and devel-
opment of the spontaneous cultures. 
Three phosphorus sources and one nitrogen source were 
added to the soil from plot 705. This soil was chosen because 
of the large additions of rock phosphate in the field and because 
the test indicated that the soil was relatively high in soluble 
phosphorus. 
As shown in the table, no growth appeared when phosphorus 
was omitted from the treatment. A vigorous spontaneous cul-
ture growth developed when 0.6 percent of the secondary 
sodium phosphate was added, however. When a similar appli-
cation of rock phosphate was made, no growth appeared on the 
soil plates. When superphosphate was substituted, a scanty 
growth of three to four colonies per plate appeared after 72 
hours incubation. 
The addition of 0.6 percent ammonium nitrate to the regular 
treatment for the spontaneous culture test stimulated a very 
vigorous mold growth in 48 hours which prevented any ob-
servation of the spontaneous culture growth. 
TABLE XIII. THE AVAILABILITY aF PHasPHaRUs IN DIFFERENT PHas-
PHATES FaR DEVELaPMENT aF spaNTANEOUS CULTURE GRaWTH 
WITH saIL FRaM PLaT 705. 
(Soil sampled April 25, 1932.) (All phosphates added in amounts equivalent to the 
PO. added in 0.6 percent secondary sodium phosphate.) 
Compound 
KH,pa. 
K,HPa. 
K 3p a. 
NaH,PO •• H,O 
Na,HPa •. 12H, O 
N""PO •. 12H,a 
NaNH,HPO,. 4H,O 
NH,H,pa. 
(NH,),HPO. 
Ca(H,PO.h. H , O 
CaHPa •. 2H,O 
Ca3(Pa,), 
MgHPO, . 3H,O 
Mg3 (pa,),4H,o 
MgNH,PO •. 6HoO 
Fe3 (PO,), . 8H,a 
FePO, .4H , a 
Al, (pa,h 
Ammo-phos-ko 
No treatment 
Spontaneous culture growth 
+ + not vigorous 
+++ very vigorous 
+ not vigorous 
+ + not vigorous 
+++ vigorous 
+ not vigorous 
++++ vigorous (moderately) 
overgrowth with mold, 48 hours 
overgrowth with mold, 48 hours 
+ vigorous 
++ vigorous 
+ + + not vigorous 
+ not vigorous 
+ vigorous 
overgrown with mold. 48 hours 
+ + not vigorGus 
+ + not vigorous 
++ moderately vigorous 
+ vigorous at 48 hours 
overgrown with mold. 72 hours 
No growth 
Note: All plates received the customary 1.25 percent mannitol and 0.4 percent CaCOg. 
+ == very few colonies 
+ + = 12 to 16 colonies per plate 
+++ = many colonies per plate 
++++ == very many colonies per plate 
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Table XIII gives the treatments and results obtained in a 
more extensive study of the availability of certain phosphorus 
compounds for the spontaneous culture growth on the soil from 
plot 705. Seventeen phosphates and 1 commercial phosphate 
fertilizer were used instead of the secondary sodium phosphate. 
All the compounds containing nitrogen, except the sodium 
ammonium phosphate, stimulated such vigorous mold growth 
on the surface of the soil plates that it was impossible to deter-
mine whether or not any spontaneous culture growth occurred. 
Of the 3 potassium phosphates used, the secondary phosphate 
stimulated the greatest spontaneous culture growth. The so-
dium phosphates stimulated spontaneous culture growth in the 
same order as the potassium salts. With the calcium phosphates 
the t ertiary calcium phosphate stimulated the greatest growth. 
The primary magnesium phosphate produced a scanty spon-
taneous culture growth lacking in vigor while the t ertiary mag-
nesium phosphate supported a few vigorous colonies. Both , of 
the iron phosphates stimulated the growth of large numbers of 
very small colonies. Aluminum phosphate supported a good 
growth of moderately vigorous spontaneous cultures. 
The commercial fertilizer, Ammo-phos-ko, produced a few vig-
orous colonies on the surface of the soil plates in 48 hours, but 
at 72 hours the plates were completely overgrown with a mold 
growth and it was impossible to observe the later spontaneous 
culture development. 
This experiment shows that the phosphorus in the more com-
mon phosphates varied in effect on spontaneous culture growth. 
The availibility did not always depend upon the solubility, and 
it is possible that the associated ions may have some influence. 
EFFE CT OF AMOU NTS OF PHOSPHATE 
Table XIV gives the results obtained by adding various 
amounts of secondary sodium phosphate to soil samples from 
plot 705 to determine the amount of soluble phosphorus (by the 
Truog method) which must be present in the soil for the ap-
pearance of the spontaneous culture growth. A 6.0 percent 
solution of secondary sodium phosphate was added to the soils 
taken at two samplings from plot 705 in the amounts shown in 
the table. 
On the sample of soil taken in October , 1931, it was necessary 
to add 3.0 cc. of the phosphate solution to 100 grams of soil to 
bring a.bout a spontaneous culture development. Six cc. of the 
phosphate solution were necessary to produce the maximum 
growth on the plates. 
On the sample of soil taken in April, 1932, it was necessary 
to add 2 cc. of the phosphate solution to produce the same 
amount of growth as was secured with the a.ddition of 3 cc. of the 
phosphate solution to the soil sample taken previously. Five cc. 
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TABLE XIV. SPONTANEOUS CULTURE DEVELOPMENT ON SOIL FROM PLOT 
705 AS INFLUENCED BY ADDITIONS OF VARIOUS AMOUNTS 
OF SECONDARY SODIUM PHOSPHATE. 
cc. of 6% NaoHPO, 
solution added 
0.0 
1.0 
2.0 
3.0 
4.0 
5 . 0 
6.0 
7.0 
8.0 
10.0 
(Soil sampled Oct. 17, 1931.) 
Growth appearance of 
spontaneous cultures 
None 
None 
None 
Fair 
Fair 
Fair 
Good 
Good 
Good 
Good 
Same Boil as above. Sampled April 25, 1932. 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
10.0 
None 
Scant 
Fair 
Fair 
Fair 
Good 
Good 
Good 
Good 
Very good 
Pounds phosphorus per 
acre by Truog method 
278.2 
332.8 
381.8 
418.8 
424 .8 
450.0 
450.4 
472.4 
502.2 
548.4 
296.8 
346.4 
392 . 0 
429.4 
465.0 
498 . 7 
509.4 
547.4 
561.3 
580.6 
of the phosphate solution were required to give the maximum 
spontaneous culture growth. 
To determine the amount of soluble phosphate present in the 
soil after the addition of each amount of the phosphate solution, 
half of each sample of treated soil was used for the spontaneous 
culture test and the other half dried and the soluble phosphorus 
content determined by the method of Truog. The data are also 
given in table XIV. 
It is of interest to note that while there is no definite amount 
of soluble phosphorus (as determined by the Truog test) in this 
soil which will stimulate the growth of the spontaneous cul-
tures, approximately 400 pounds of soluble phosphate were 
present in the soil at both samplings when the spontaneous cul-
ture growth first appeared. Smaller amounts of soluble phos-
phorus did not support the spontaneous culture growth at 
either sampling. 
'rhe determinations made in this group of experiments do not 
give conclusive proof of the amounts of phosphorus necessary 
for the spontaneous culture development on a soil plate, b"lt 
they do indicate that a considerable quantity of phosphorus 
must be present and that it must be in an available form. They 
also point out that the phosphorus which is capable of support-
ing AspC1'gillus niger growth in the solution culture used in the 
Aspergillus niger test, will support the spontaneous culture de-
velopment on the soil plates of the Iowa soils. 
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SUMMARY AND CONCLUSIONS 
1. Soils from 21 experimental plots on Carrington loam at the 
Agronomy Farm, 3 samples of soil from each of 9 outlying ex-
perimental fields located on various soil types, 2 samples of soil 
from Colorado and 1 soil from Utah were tested for phosphorus 
deficiency by the spontaneous culture method. Starch, manni-
tol and glucose were compared as energy sources for the devel-
opment of the spontaneous cultures on the soil plates; experi-
ments were conducted on the inoculation of soils which did 
not support spontaneous culture growth; and some of the phos-
phorus relationships of the spontaneous culture development on 
the soil plates were studied. 
2. Spontaneous culture development was not supported by 
soils more acid than pH 6.0. In most cases, however, neutrali-
zation of the acidity of the soil in the field by liming permitted 
growth on the plates. 
3. All Iowa soils required the addition of phosphate for 
maximum development of the spontaneous cultures regardless 
of the fertilizer additions in the fields. 
4. The spontaneous culture test indi,cated a need for phos-
phorus on soils from plots which showed practically no increase 
in crop yields from additions of rock phosphate, as well as on 
those deficient in available phosphorus. 
5. The spontaneous culture development which appeared on 
samples of soil taken from the same plots at different seasons 
of the year indicated that the numbers and vigor of the organ-
isms which produced the spontaneous culture growth varied 
with the time of sampling. 
6. Mannitol and glucose stimulated spontaneous culture 
growth to about the same degree in soils and both to a greater 
. extent than starch. Mannitol produced a colony growth of 
much greater viscidity than glucose. 
7. Inoculation of a sample of soil with 1 cc. of a suspension 
of a pure culture of Azotobacter inhibited the development of a 
spontaneous culture growth when the starch was used. How-
ever, 1 cc. of a 1 to 10 dilution of the original suspension added 
to the soil produced a spontaneous culture growth on the soil 
plates in 48 hours less time than was required for the growth 
to appear on the uninoculated soil. 
8. It was found possible to bring about a· spontaneous cul-
ture growth on the surface of soil plates made from acid soils 
by adding sufficient calcium carbonate to neutralize the acidity 
and making additions of mannitol and phosphate and inoculat-
ing with a pure culture of Azotobacter. 
9. A close relationship existed between the soluble phos-
phorus content of the soil (as shown by the 0.002 N sulfuric acid 
method of Truog) and the amount of growth secured when the 
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soil was tested by the Aspe?'gillus nige?' method for available 
phosphorus, The spontaneous culture growth, however, did 
not appear to be stimulated by the high soluble phosphorus 
content shown by some of the Iowa soils, On the Colorado and 
Utah soils a much closer relationship existed between the re-
sults obtained by the three tests. 
10. Of the 17 phosphates substituted for the secondary so-
dium phosphate in the spontaneous culture test, all appeared to 
be more or less available for spontaneous culture development. 
11. Approximately 400 pounds per acre of soluble phos-
phorus were necessary to support spontaneous culture develop-
ment on one soil tested, and about 450 to 500 pounds per acre 
gave the maximum development of the spontaneous cultures on 
that soil. 
12. From these experiments it seems evident that the spon-
taneous culture test is of little value for determining the phos-
phorus deficiencies of the Iowa soils tested. There seems to be 
little possibility of modifying the test to make it of use for this 
purpose since many of the soils of Iowa are too acid to permit 
the growth of the organisms responsible for the spontaneous 
cultures. It is also questionable whether this test would indi-
cate the amounts of phosphorus which would produce the maxi-
mum economic crop yields when applied to the soils of Iowa. 
